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1
METHOD FOR OPERATING AN INTERNAL
COMBUSTION ENGINE

CROSS REFERENCE

The present application claims the benefit under 35 U.S.C.
§119 of German Patent Application No. DE 102010030404.2
filed on Jun. 23, 2010, which is expressly incorporated herein
by reference in its entirety.

BACKGROUND INFORMATION

Future developments for internal combustion engines are
determined by various statutory requirements to reduce pol-
Iutant emissions and fuel consumption at the same time. One
approach in this regard is the so-called homogeneous charge
compression ignition (HCCI), which has been investigated
extensively in recent times. In general, such homogeneous
combustion processes implement concepts in which combus-
tion of a homogeneous fuel/air mixture begins simulta-
neously throughout the entire combustion chamber. Such
concepts exist for both gasoline engines (controlled auto igni-
tion, CAI) and diesel engines (homogeneous charge late igni-
tion, HCLI). However, it is characteristic of such methods as
well as other low-emission combustion processes that the
features of combustion are used as regulating variables, i.e.,
that a combustion regulation is carried out. The implementa-
tion of such methods thus necessitates the use of one or more
combustion chamber sensors. The combustion chamber pres-
sure sensor, i.e., cylinder pressure sensor, may be regarded as
the state of the art here.

German Patent Application No. DE 10 2004 047 143 Al
describes a piezoelectric combustion chamber pressure sen-
sor having a pressure-transmitting pin. A sensor element of a
single-crystalline piezoelectric material is described therein
for measuring the pressure in a combustion chamber of an
internal combustion engine using a pressure-transmitting pin,
a glow plug, which is displaceably mounted and protrudes
into the combustion chamber, being provided as the pressure-
transmitting pin. German Patent Application No. DE 102006
049 079 A1 describes a pressure measuring device for place-
ment in a chamber of an internal combustion engine, having
ahousing, a force-transmitting element and a pressure sensor.

The cylinder pressure or the combustion chamber pressure
in general is fundamentally a useful variable because it allows
the calculation of a heating characteristic analysis, thus mak-
ing characteristic variables of combustion, for example, the
start of combustion, the location of combustion, or similar
characteristic variables available for regulation. These vari-
ables are mostly used as a basis, in particular as regulating
variables, of the aforementioned applications for gasoline and
diesel engines. The manipulated variables of combustion
regulation usually include exhaust gas recirculation rate
(EGR), injection time and injection quantity. The exhaust gas
recirculation rate is a characteristic variable in exhaust gas
recirculation, which is used to reduce nitrogen oxides in
gasoline engines, diesel engines or even in other internal
combustion engines. Temperature peaks are lowered by
exhaust gas recirculation. However, with the conventional
manipulated variables, the exhaust gas recirculation rate
plays a special role because changes in that rate do not have a
direct effect on combustion due to the mixing in the intake
area of the engine. During dynamic engine operation in par-
ticular, an effective exhaust gas recirculation rate cannot be
given. However, cylinder pressure sensors are also of interest
for conventional combustion processes in conjunction with
cylinder-specific diagnostic functions. It would be desirable
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in general to have devices and methods which could be used
in both gasoline engines and diesel engines and which permit
operation of an internal combustion engine reliably and effi-
ciently, in particular an internal combustion engine having
direct injection and exhaust gas recirculation. The devices
and methods should in particular provide an indicator for an
efficient exhaust gas recirculation rate or an alternative indi-
cator for an exhaust gas recirculation.

SUMMARY

In accordance with the present invention, an example
method for operating an internal combustion engine is pro-
vided along with a combination sensor for detecting a com-
bustion chamber pressure and a combustion chamber tem-
perature. In accordance with the present invention, an
example method is provided for simultaneous measurement
of pressure and a local temperature in the combustion cham-
ber and thus develop an indicator for a mass-based gas com-
position. Modern engines in the future will likely have both
direct injection and exhaust gas recirculation in the field of
both gasoline and diesel engines. However, this means that
the intake gas is compressed without the addition of fuel
before the actual introduction of fuel. In accordance with the
present invention, the mass-based composition of gases in the
range of the volumes of the internal combustion engine is a
decisive characteristic variable. This mass-based composi-
tion § may be described by the ratio

mcombuxt

®
B=

combitst | ynair

Mass-based composition [ here describes the mass-based
ratio of combusted air (m“*™****) and fresh air (m*”") in a
volume in question. Combusted air is the product of stoichio-
metric combustion of fresh air and fuel. Combusted air and
fresh air are thus to be regarded as constant with regard to the
composition if the variable atmospheric humidity is disre-
garded. The compression phase may be described using the
following physical equations:

k= k(BT @
cy
and
pV = poV§. ©)

where K describes the isentropic coefficient (also known as
the isentropic exponent) of the gas mixture, i.e., the ratio of
specific thermal capacity c, at a constant pressure and specific
thermal capacity ¢, at a constant volume. This isentropic
coefficient K is a function of mass-based composition [ and
temperature T. Variables p and V refer to the pressure and
volume, and corresponding variables p, and V, refer to the
pressure and volume under normal conditions.

In accordance with the example method, the combustion
chamber pressure and the temperature in the interior of the
combustion chamber are detected. The combustion chamber
pressure may be detected, for example, with the aid of at least
one combustion chamber pressure sensor, in particular as a
global variable. This is due to the fact that the pressure in the
combustion chamber propagates practically at the speed of
sound, so that pressure in the combustion chamber may be
regarded as a global variable. By using equation (3), isen-
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tropic coefficient K may be determined from the measurement
of the pressure. Based on the measurement of a local com-
bustion chamber temperature T, the initially local value of
may be determined on that basis with the aid of equation (2).
If it is also assumed that there is complete and thorough
mixing of recirculated exhaust gas and fresh air for the filling
of'acylinder or a combustion chamber as a result of the intake
process and that similar thoughts also apply to the area of an
exhaust gas manifold, the result is that the § determined in this
way is a global variable. Thus, on the whole, the gas compo-
sition in the entire combustion chamber is preferably deter-
mined in this way.

With the example method for operating an internal com-
bustion engine, at least one composition of a gas mixture in at
least one combustion chamber of the internal combustion
engine is determined accordingly. At least one combustion
chamber pressure p in the interior of the combustion chamber
is detected and at least one local combustion chamber tem-
perature in the interior of the combustion chamber is detected,
so that the composition is inferred from the combustion
chamber pressure and the combustion chamber temperature.
As described above, the combustion chamber pressure and
the combustion chamber temperature may be detected essen-
tially simultaneously in particular. Essentially simultaneous
detection is understood to refer to detection on a time scale
which allows minor deviations from simultaneity in compari-
son with a cycle duration. For example, deviations smaller
than one tenth, preferably smaller than one hundredth of a
cycle duration of a combustion cycle may be tolerated. Com-
bustion chamber pressure p and combustion chamber tem-
perature T may be detected in particular in a compression
phase of the internal combustion engine, preferably before
the start of combustion.

Generally any characteristic value which characterizes the
composition of the gas mixture in the combustion chamber
may be used for the composition. In particular, various com-
ponents and their proportions in the gas mixture may be
related to one another or to the total gas mixture. Masses,
volumes, partial pressures, concentrations, percentage
amounts or similar amounts may be used. It is particularly
preferred if the composition includes a mass-based ratio § of
combusted air and fresh air, as explained above, according to
equation (1) above. Alternatively or additionally, however,
other characteristic variables may also be ascertained to char-
acterize the composition.

As explained above, it is preferable in particular if an
isentropic coefficient k of the gas mixture is determined from
the detected combustion chamber pressure, for example, by
using known volume V. This may take place according to
equation (3) above, for example, by solving this equation (3)
for k. In particular, the composition may be inferred from a
known correlation between the isentropic coefficient, the
combustion chamber pressure and the combustion chamber
temperature. This may be accomplished, for example, by
solving equation (2) above for composition [ or another vari-
able characterizing the composition. This procedure may be
performed analytically, empirically or even semi-empirically.
For example, known correlations among the combustion
chamber temperature, the combustion chamber pressure and
the isentropic coefficient and the composition may be used,
for example, in that such correlations are known, for example,
in the form of curves, sets of curves, analytical equations or
tables (for example, electronic tables, lookup tables). Such
correlations may be stored in a memory element and/or in a
data processing device, for example.

As described above, the internal combustion engine may
preferably be an internal combustion engine operated by a
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homogeneous combustion process (for example, CAI, HCLI
or a similar homogeneous combustion process). In particular
it may be an internal combustion engine having direct injec-
tion and preferably exhaust gas recirculation. For example, as
described above, it may be an HCCI internal combustion
engine, for example, a CAl internal combustion engine or an
HCLI internal combustion engine in a motor vehicle in par-
ticular. Taking into account the thoughts mentioned above,
i.e., under various assumptions (for example, the assumption
of complete and thorough mixing of the recirculated exhaust
gas and fresh air and the assumption that f is a global vari-
able) and/or under other similar assumptions, the present
invention permits in particular a determination of a chemical
composition of the air/exhaust gas mixture in the combustion
chamber before the start of combustion. Using conventional
mathematical models to determine the gas mass in the com-
bustion chamber after closing an intake valve makes it pos-
sible to determine the gas composition in the combustion
chamber, which is relevant for the combustion. This method
may be performed in particular by using mass-based ratio § of
combusted air and fresh air as a regulating variable (option-
ally as one of several regulating variables) for regulating the
internal combustion engine, in particular in the case of homo-
geneously operated gasoline engines (CAI) and/or diesel
engines (HCLI). This may be accomplished, for example,
with the aid of a corresponding control unit and a correspond-
ing function of the control unit. In particular the regulating
variable of the exhaust gas recirculation rate, which has been
used in the past, may be replaced completely or partially by
mass-based ratio f§. This generally allows the introduction of
a working cycle-based manipulated variable and is compa-
rable to an injection time and an injection quantity. In addi-
tion, in particular for conventionally operated internal com-
bustion engines (i.e., nonhomogeneously operated internal
combustion engines), the composition of the gas mixture in
the combustion chambers may be determined before combus-
tion.

In addition, mass-based ratio [} of combusted air and fresh
air may also be utilized to determine one or more additional
characteristic variables. The method may thus generally be
performed in such a way that additionally at least one air ratio
and/or optionally at least one humidity of intake air of the
internal combustion engine is/are determined. This method
may be performed in such a way that the exhaust gas recir-
culation rate is determined from the composition of the gas
mixture with a simultaneous measurement of air ratio A, in
particular for steady-state operations. Determination of the
exhaust gas recirculation rate may be further improved with
simultaneous measurement of air ratio A and the humidity of
the fresh air taken in. This method may thus be performed in
general in such a way that the internal combustion engine is
operated with exhaust gas recirculation, an exhaust gas recir-
culation rate being inferred from the composition and the air
ratio as well as optionally the humidity, in particular in
steady-state operation of the internal combustion engine.

Furthermore, the internal combustion engine may have
several combustion chambers, so that compositions in several
combustion chambers may be determined simultaneously or
with a time offset. With the aid of the example method
described above, it is possible in particular to directly quan-
tify under certain circumstances the unequal distribution of
recycled exhaust gas into the combustion chambers, for
example, the cylinders, and to perform cylinder-specific
countermeasures by varying the injection times and injection
quantities. Accordingly, optionally, the example method may
be carried out in such a way that homogeneity of the compo-
sitions in the combustion chambers is detected, control of the
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internal combustion engine operationally being influenced by
the detected homogeneity, in particular by influencing an
exhaust gas recirculation, for example, through a correspond-
ing control and/or regulation of the exhaust gas recirculation.
Furthermore, from the characteristic ofthe combustion cham-
ber temperature, for example, the cylinder temperature, it is
possible to derive features of the characteristic curve of the
combustion chamber pressure, for example, the cylinder pres-
sure, during an operating cycle. Comparing a prediction with
a characteristic actually measured allows a diagnosis of the
combustion chamber pressure sensor or a combination of the
two sensors.

In another aspect of the present invention, a combination
sensor is provided for detecting a combustion chamber pres-
sure and a combustion chamber temperature in the interior of
a combustion chamber of an internal combustion engine, in
particular in a cylinder. The combination sensor is suitable for
being used in a method according to the present invention in
particular. However, the combination sensor may also gener-
ally be used for other purposes. The combination sensor may
be attached to a wall of the combustion chamber, in particular
in a cylinder head. This attachment may be detachable, for
example, by a force-fit and/or form-fit attachment, but other
types of attachment, such as form-fit attachments, are also
possible. A screw attachment may also be provided. For this
purpose, the combination sensor may include, for example, at
least one thread, e.g., an outside thread, with the aid of which
the combination sensor is screwable into a borehole having an
inside thread in a combustion chamber wall. However, other
types of attachment are also possible alternatively or addi-
tionally.

The combination sensor has at least one combustion cham-
ber pressure sensor. The combustion chamber pressure sensor
includes at least one mechanical-electrical converter. A
mechanical-electrical converter is understood in general to be
a converter element, which is capable of converting mechani-
cal actions, for example, pressures and/or forces, into electri-
cal signals, for example, charges and/or voltages and/or cur-
rents. This mechanical-electrical converter may be in
particular a piezoelectric element and/or a piezoceramic.
However, other mechanical-electrical converters are funda-
mentally also possible. The combustion chamber pressure
sensor also includes at least one force-transmitting element
for transmitting the combustion chamber pressure to the
mechanical-electrical converter. This force-transmitting ele-
ment may fundamentally include one or more rigid bodies of
any type, which are equipped to pick up at one end a force due
to the combustion chamber pressure or the combustion cham-
ber pressure itself directly or indirectly, for example, and to
transmit this force or this pressure to the mechanical-electri-
cal converter. The force-transmitting element may have a
cylindrical shape, for example, in the form of a rod and/or
cylinder sleeve. In particular the force-transmitting element
may have insulating properties, for example, by designing it
entirely or partially as an insulating body, for example, as an
insulating body made of a ceramic material.

The combination sensor also has at least one temperature
sensor. This temperature sensor may be in general at least one
element, which is equipped to detect a signal according to the
temperature of the combustion chamber. In general, any con-
ventional temperature sensor may be considered here. In par-
ticular temperature sensing resistors such as PTCs and/or
NTCs may be used here. However, it is particularly preferred
if, alternatively or additionally, the temperature sensor
includes at least one thermocouple or is designed as a ther-
mocouple, i.e., as an element which is able to detect tempera-
tures on the basis of the Seebeck effect. It is generally pro-
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posed here that the temperature sensor be guided through the
combustion chamber pressure sensor into the combustion
chamber. This may be accomplished, for example, by guiding
the temperature sensor centrally through a pressure sensor
module of the combustion chamber pressure sensor. How-
ever, other embodiments are also possible, for example, non-
coaxial embodiments. The temperature sensor may be sealed
with respect to the combustion chamber pressure sensor, in
particular to prevent gases from penetrating into the combus-
tion chamber pressure sensor, for example, the pressure sen-
sor module.

The combustion chamber pressure sensor may generally
include a pressure sensor module. A pressure sensor module
is understood to be a generally sealed unit which performs the
functions of the combustion chamber pressure sensor. In
addition to the pressure sensor module, however, other ele-
ments may also be provided in the combustion chamber pres-
sure sensor, for example, one or more force-transmitting ele-
ments, as described above. The mechanical-electrical
converter is accommodated in the pressure sensor module.
The pressure sensor module may have its own module hous-
ing, for example, which may be partially or completely
closed. In addition to the mechanical-electrical converter,
additional elements may also be accommodated in the pres-
sure sensor module. For example, at least one force-transmit-
ting element, for example, a ceramic isolator body, and/or
another type of force-transmitting element may be accommo-
dated on the side facing the combustion chamber. For
example, a counterbearing may be accommodated on the
opposite side of the mechanical-electrical converter element,
and also an insulating body, for example. Moreover, alterna-
tively or additionally, the counterbearing may be a metallic
counterbearing, for example, a steel plate. On the side facing
the combustion chamber, the pressure sensor module may be
sealed by at least one diaphragm in particular. A diaphragm is
understood to be a flat structure which is deformable under
pressure, for example, a film and/or a thin plate. The dia-
phragm may be a steel diaphragm in particular. The pressure
sensor module may be sealed with respect to the combustion
chamber with the aid of the at least one diaphragm.

As described above, the temperature sensor may in particu-
lar be guided coaxially through the combustion chamber
pressure sensor, in particular through the pressure sensor
module. Thus, for example, on the side of the pressure sensor
module facing away from the combustion chamber, the tem-
perature sensor may have a terminal which is accessible from
the outside. The temperature sensor may protrude beyond the
pressure sensor module on the side facing the combustion
chamber and in particular may protrude beyond the wall of
the combustion chamber into the combustion chamber. The
combination sensor preferably has a generally axially sym-
metrical design. The temperature sensor may be guided
through the diaphragm in particular. This lead-through may
be sealed in particular. For example, the temperature sensor
may be welded to the diaphragm or otherwise integrally
joined with the diaphragm, so that, for example, gases from
the combustion chamber cannot reach the interior of the pres-
sure sensor module. The temperature sensor may be guided
between the combustion chamber pressure sensor, for
example, the pressure sensor module and the combustion
chamber in at least one guide. This guide may include in
particular at least one hollow cylinder, for example, a hollow
cylinder made of steel. However, other embodiments are also
possible.

As described above, the combination sensor may be
attached in the wall of the combustion chamber. This attach-
ment may be sealed in particular. The combination sensor
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may in particular have a stepped design, for example, an
axially symmetrical stepped design, in which at least one end
facing the combustion chamber may have a smaller diameter
than the end facing away from the combustion chamber. In
particular, the stepped design may have at least one sealing
shoulder, i.e., a transition between a cylindrical section of a
larger diameter and a cylindrical section of a smaller diam-
eter. A seal with respect to the wall of the combustion cham-
ber may be created on this sealing shoulder. This may be
accomplished, for example, by pressing the sealing shoulder
against a corresponding shoulder in a borehole in the wall of
the combustion chamber by a screw connection or some other
type of attachment. In general, the combination sensor may
be designed, for example, in such a way that the combustion
chamber pressure sensor is situated within the wall of the
combustion chamber, for example, by placing the pressure
sensor module in this area, so that forces and/or pressures
from the combustion chamber are transferred by the at least
one force-transmitting element to the mechanical-electrical
converter. The temperature sensor may in turn protrude into
the combustion chamber. However, other embodiments are
also possible.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention are
shown in the figures and are explained in greater detail below.

FIG. 1 shows a schematic flow chart of an exemplary
embodiment of a method according to the present invention.

FIGS. 2 and 3 show various diagrams of an exemplary
embodiment of a combination sensor according to the present
invention in a perspective sectional diagram.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

FIG. 1 shows a schematic flow chart of an exemplary
embodiment of a method according to the present invention.
In a first method step (reference numeral 110 in FIG. 1),
combustion chamber pressure p and temperature T are
detected. In a second method step (reference numeral 112),
isentropic coefficient k, also known as the isentropic expo-
nent, is determined from the combustion chamber pressure,
for example, using equation (3) given above. In another
method step (reference numeral 114), variable § is inferred
from a known relationship between the isentropic coefficient,
combustion chamber temperature T and composition 3, in
particular a mass-based ratio [ according to equation (1)
above. Composition § as well as optionally other regulating
variables may then be used in a method step 116 for an engine
controller, which may also include regulation for the purpose
of determining and/or regulating an exhaust gas recirculation
rate, for example.

For the example method depicted in FIG. 1 as well as other
methods according to the present invention, it is necessary to
know combustion chamber pressure p and the combustion
chamber temperature. Conventional combustion chamber
pressure sensors are described in, for example, German
Patent Application No. DE 10 2004 047 143 Al or from
German Patent application No. DE 10 2006 049 079 A1. For
example, German Patent application No. DE 102004 047 143
Al describes a combustion chamber pressure sensor having
an integrated glow plug using a pressure-transmitting pin.
The measurement method described there, which may also be
used within the scope of the present invention to determine
the combustion chamber pressure, involves an indirect pres-
sure measurement because the measured variable of the com-
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bustion chamber pressure is converted into a combustion
chamber pressure-dependent force with the aid of a transmis-
sion element, for example, a steel diaphragm, and conveyed
to a force measuring cell. The force measuring cell may be
designed to be cylindrical, for example, so that a current
supply may be provided centrally to the glow body.

FIGS. 2 and 3 illustrate an exemplary embodiment of a
combination sensor 210 according to the present invention.
FIG. 2 shows a perspective sectional diagram of combination
sensor 210, whereas FIG. 3 shows the detail labeled as A in
FIG. 2 on an enlarged scale. A basic idea of the exemplary
embodiment shown here is to perform a combined measure-
ment of the combustion chamber pressure and the combustion
chamber temperature. Based on the conventional combustion
chamber pressure sensors described above, for example, it
has been recognized that when a glow function is not needed
with the known sensor elements for gasoline engines, for
example, additional sensor functions may be integrated
instead of the glow body, for example, a temperature sensor
(e.g., athermocouple), an ionic current sensor or a gas sensor.
At least one temperature sensor 212 is integrated within the
scope of the present invention.

In the exemplary embodiment shown here, combination
sensor 210 has, in addition to temperature sensor 212, a
combustion chamber pressure sensor 214, which includes a
pressure sensor module 216 having a module housing 218, for
example, a thin-walled steel sleeve. On its end facing away
from combustion chamber 224, this module housing 218 is
closed by a steel plate 220, which also functions as a coun-
terbearing 222. On its end facing combustion chamber 224,
module housing 218 is sealed by a diaphragm 226, for
example, a steel diaphragm. A mechanical-electrical con-
verter 228 is accommodated in module housing 218. This
may be, for example, a piezoelectric element and/or a quartz
element having electrodes for converting a signal from a force
signal into a charge signal. On the side facing combustion
chamber 224, an insulating body 230, for example, a ceramic
insulating body, is connected to mechanical-electrical con-
verter 228. This insulating body at the same time functions as
a force-transmitting element 232 or as part of such a force-
transmitting element 232. On the opposite side of mechani-
cal-electrical converter 228, between counterbearing 222 and
mechanical-electrical converter 228, another insulating body
234 may be provided, for example, in the form of another
ceramic insulating body.

Thermocouple 212 is guided through combustion chamber
pressure sensor 214, so that on the whole, an axially sym-
metrical coaxial configuration is formed in this exemplary
embodiment. Temperature sensor 212 protrudes beyond pres-
sure sensor module 216 on the side facing away from com-
bustion chamber 224 as well as on the side facing combustion
chamber 224. In this way, a terminal contact 236 is formed on
the side facing away from combustion chamber 224, and
temperature sensor 212 optionally protrudes into combustion
chamber 224 on the side facing combustion chamber 224.
Temperature sensor 212 may be integrally joined to the dia-
phragm at its feedthrough in diaphragm 226, for example,
being welded to the steel diaphragm. Combination sensor 210
may also have an external sensor housing 238. Module hous-
ing 218 may be introduced, for example, into external sensor
housing 238 and may optionally be connected to it, for
example, in turn by a force-fit and/or form-fit and/or inte-
grally joined connection. Diaphragm 226 may in particular be
integrally joined to module housing 280, for example, by
welding.

Combination sensor 210 may be accommodated in a bore-
hole 240 in a wall 242 of combustion chamber 224, for
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example, in a cylinder head. The borehole may have a stepped
design in particular, as shown in FIG. 2, and combination
sensor 210 may also have a stepped design having at least one
sealing shoulder 244. At least one sealing site 246 may be
provided on this sealing shoulder 244 and/or at other points
between combination sensor 210 and wall 242, for example,
a sealing site between external sensor housing 238 and a
cylinder head. External sensor housing 238 may have, for
example, an integral thread 248 for a screw connection in wall
242. Sealing shoulder 244 may be pressed against wall 242
with the aid of this thread and/or some other means of attach-
ment to thereby achieve the sealing effect. External sensor
housing 238 may completely or partially encircle combina-
tion sensor 210. In the exemplary embodiment shown here,
only a partial encirclement is provided. In the area between
pressure sensor module 216 and combustion chamber 224, a
guide 250 is additionally provided within which temperature
sensor 212 is guided. Guide 250 may include a hollow cylin-
der made of'steel, for example. Guide 250 may also optionally
be part of force-transmitting element 232 to transfer the pres-
sure in combustion chamber 224 to diaphragm 226. However,
a design in which diaphragm 226 is directly exposed to the
pressure in combustion chamber 224 is also alternatively
possible. Temperature sensor 212 may include, for example,
ajacketed thermocouple. Various other embodiments are also
possible. Pressure sensor module 216 in FIGS. 2 and 3 forms
a cylindrical force measuring cell having a straight lead-
through of temperature sensor 212, for example, of the jack-
eted thermocouple. Alternatively, instead of a cylindrical
force measuring element, a rod-shaped or cube-shaped force
measuring element may also be used as mechanical-electrical
converter 228. Temperature sensor 212 is then preferably
guided laterally past this force measuring element or con-
verter 228. However, the force path from diaphragm 226 to
converter 228 should not be disturbed due to friction, for
example. Combination sensor 210 shown in FIGS. 2 and 3
may also have additional functions in addition to the two
aforementioned sensor functions of detecting a combustion
chamber pressure and a combustion chamber temperature.
For use in diesel engines, for example, at least one glow body
function may also be provided in this exemplary embodiment
as well as in other exemplary embodiments of combination
sensors 210 according to the present invention. It is thus
particularly advantageous for use in diesel engines, for
example, to integrate both glow plug bodies and thermo-
couples into the combustion chamber pressure sensor and to
guide the feeder lines for both additional functions in the
interior of a cylindrical force measuring eclement, for
example, a pressure sensor module 216 and/or a mechanical-
electrical converter 228.

What is claimed is:

1. A method for operating an internal combustion engine,
comprising:
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detecting at least one combustion chamber pressure in an
interior of a combustion chamber of the internal com-
bustion engine;
detecting at least one local combustion chamber tempera-
ture in the interior of the combustion chamber;

inferring a composition of a gas mixture in the combustion
chamber based on the combustion chamber pressure and
the combustion chamber temperature; and

regulating the operation of the internal combustion engine

using the composition as a regulating variable,

wherein the step of regulating the operation of the internal

combustion engine comprises one or more of the follow-

ing steps:

regulating a start of combustion, regulating a location of
combustion, regulating a rate of exhaust gas recircu-
lation, reducing nitrogen oxide emission, reducing
exhaust peak temperature, regulating injection time,
and regulating injection quantity.

2. The method as recited in claim 1, wherein the combus-
tion chamber pressure and the combustion chamber tempera-
ture are detected essentially simultaneously.

3. The method as recited in claim 1, wherein the combus-
tion chamber pressure and the combustion chamber tempera-
ture are detected in a compression phase of the internal com-
bustion engine.

4. The method as recited in claim 1, wherein the composi-
tion is a mass-based ratio of combusted air and fresh air.

5. The method as recited in claim 4, wherein the internal
combustion engine is regulated by using the mass-based ratio.

6. The method as recited in claim 1, wherein an isentropic
coefficient k of the gas mixture is determined from the com-
bustion chamber pressure.

7. The method as recited in claim 6, wherein the composi-
tion is inferred from a known relationship between the isen-
tropic coefficient, the combustion chamber pressure and the
combustion chamber temperature.

8. The method as recited in claim 1, further comprising:

determining at least one air ratio and a humidity of intake

air of the internal combustion engine.

9. The method as recited in claim 8, further comprising:

operating the internal combustion engine with exhaust gas

recirculation, an exhaust gas recirculation rate being
inferred from the composition and the air ratio plus the
humidity.

10. The method as recited in claim 1, further comprising:

determining at least one air ratio of intake air of the internal

combustion engine.

11. The method as recited in claim 10, further comprising:

operating the internal combustion engine with exhaust gas

recirculation, an exhaust gas recirculation rate being
inferred from the composition and the air ratio.
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